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(57) Abstract 

PURPOSE: To secure the number of gradations of all the 
primary colors without the need to increase an operation 
speed by converting data below the least significant 
digrt bit generated in a primary color signal v^ich 
causes a decrease in the number of gradations in 
multiplication processing for white balance setting to 
one-bit spatial modulation of altemate fields, and 
adding the result to data in a conventional bit range. 

CONSTITUTION: The data 2'' below the least 
significant digit bit 2° generated in the primary, color 
signal which ts £l/2 in signal level as high as other 



primary color signal as a result of white balance 
setting is converted to the spatial modulation of 
alternate fields of the least significant digit bit 2^, and v^en 
N is a positive integer, the result is added to N bits 
2N-1 _ 2°. Consequently, the gradations of all the 
primary colors can be represented correctly v^out 
increasing the number N of subfields for a halftone 
gradation display, so the number of gradations of all 
the primary colors can be secured by the easy method for 
the halftone gradation display which uses a matrix type 
color display memory panel having unbalance of s(2:1) 
in control quantity among the three primary colors 
required to display reference white without increasing 
the operation speed. 
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Translation of JP2-125287-A 
SPECIFICATION 

5 1. Title of the Invention Halftone Display Method for Color 
Display Panel 

2. Scope of the Claims for Patent 

1. In a halftone display method for use with a v 
matrix- type color display panel which has a memory function or 

10 is provided with a memory function by a driving method,, a color 
display panel halftone display method characterized in that, 
when the setting of white balance involves reducing the signal 
level pf a primary color signal to 1/2 or less that of another 
primary color signal, data 2"^ which occurs below the least 

15 significant bit 2° in that primary color signal is converted by 
field- alternate spatial modulation using the least significant 
bit 2° and then is added to N-bit data from 2^"^ to- 2^, N being 
a positive integer, whereby gray levels of all the primary colors 
can be correctly reproduced without increasing the number, N, 

20 of sub-fields for displaying halftones. 
.3. Detailed Description of the Invention 
(Applicable Field in the Industry) 

The present invention relates to improvement of a half tone 
display method for use with a matrix- type color display device. 
25 (Summary of the Invention) 
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The present invention relates to a half tone display method 
for a matrix- type color display panel that has a memory function 
or is provided with a memory function by a driving method etc; 

when driving conditions for displaying white color 
5 largely differ (2:1 or more) from equal stimulation and the 
multiplication process for setting the white balance causes a 
reduction of the number of gray levels of a primary color signal, 
the data occurring below the least significant bit in that 
primary color signal is converted by field-alternate 1-bit 
10 spatial modulation using the least significant bit and then is 
added to the data within the conventional bit range, thereby 
preventing the reduction in the number of gray levels of the 
primary color signal that involves gain reduction, and thus 
ensuring the number of gray levels of all primary colors without 
15 the need for an increase in the operating speed of the display 
panel, which is becoming difficult as the panel size increases. 
. (Prior Art) 

Television display is now described as a typical example 
of the halftone display; Fig. 4 is a schematic block diagram 

20 showing a conventional system of a television display device that 
uses a memoiry panel. Since whether the display panel is driven 
by line interlace is not very closely related to the essence of 
the invention, it is assumed in the description below that a 
progressive scanning signal (a non- interlace signal) is inputted 

25, to the television display device and that the display panel is 
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driven also by progressive scanning. 

As shown in Fig. 4, when analog R (Red) , G (Green) , B (Blue) 
signals are provided as input to the display device, the AD 
converter ADC first clamps the pedestal level and conducts AD 
5 conversion, so as to provide R, G, B parallel PCM signals of, 
e.g. 8 bits. The AD conversion characteristic for R, G, B is 
standardized, e.g. to be 0 at the black level and 255 at the white 
level. Next, the multiplexer MPX selects one color at a time from 
the R, G, B signals and provides one system of signal which 

10 precisely conforms with the color dot arrangement on the display 
panel. Then the gamma correction circuit GM performs gamma 
correction to provide characteristic corresponding to the 
electric-photo ' conversion characteristic (gamma 

characteristic) of the CRT, and then the white balance setting 

15 device WB sets the white balance. 

Quantities which are directly related to the driving of 
the display panel, such as voltage, current, pulse width, pulse 
period, number of pulses, etc. , are herein referred to as driving 
quantities, and in particular, driving quantities which are 

20 controlled for halftone display are temporarily referred to as 
control quantities . The control quantities for displaying white 
generally differ among the R, G and B signals; therefore the 
driving quantities are adjusted so that white is represented when 
the R, G, B signals are at their maximums in a stage (circuit 

25 stage) where the gains are standardized as mentioned before. 
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In general, the driving quantities adjusted to set the 
white balance do not necessarily have to be the control 
quantities; however, it may be not preferable if cells of 
different colors are mixed on the column electrode since the 
5 driving circuit must then be constructed in a complex manner, 
or it may be undesirable if the colors are considerably 
unbalanced since it affects the memory margin. Especially, for 
a large- sized panel, it is necessary to avoid sucli means as may 
reduce the uniformity since ensuring the uniformity is 

10 important. 

Accordingly, the present invention is directed to a method 
for obtaining the white balance by limiting the maximum values 
of the control quantities . That is , the gain of the color signal 
that requires maximum control quantities to display white is 

15 taken as "1" and the gains of other color signals are lowered 
by required quantities . This adjustment is performed in the white 
balance setting circuit WB shown in Fig. 4 

The processings shown above are ref e;:red to as a pre- 
stage of the signal processing. These are not necessarily 

20 performed in the order shown in the block diagram of Fig. 4; 
however it is desirable to perform nonlinear processing in a 
portion where the signal levels are standardized and to perform 
processing which provides level differences among color signals 
in the last portion. 

25 The pre-processed signal is converted in field memories 
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FMl and FM2 into a signal format that is adapted for the panel 
driving circuits. The field memories FMl and FM 2 each have a 
capacity for one field and they are repeatedly written and read 
in a field- alternate manner. 
5 Outputs from the field memories FM are sent to shift 

registers SR, where they are S-P (Serial- to-Parallel) converted, 
and then transferred to latch circuits L; since very high-speed 
data transfer is required between the field memories FM and the 
shift registers SR, the column electrode driving circuits RD are 

10 divided into blocks of an appropriate number of columns on the 
panel, e.g. 32 columns or 64 colximns, and £he data is transferred 
in series within the block and in parallel among the blocks, so 
as to reduce the effective transfer speed. 

In the display panel DP, the column electrodes are driven 

15 by the column electrode driving circuits RD and the row 
electrodes are driven by the row electrode driving circuit CD. 
Data to be displayed is held in the latches L and written^ 
simultaneously into all cells in the row selected by the row 
electrode driving circuit CD . The row electrode driving circuit 

20 CD sequentially scans the rows to write data in the entire panel 
and finishes the writing in the entire screen. 

Next, a conventional method for driving a memory panel 
of this type is described referring to Figs. 5 and 6. 

The waveforms shown in Fig. 5 are typical driving 

25 waveforms applied to one cell in an AC -type panel, where P shows 
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the pulse amplitude, the pulse W is a write pulse, the pulse S 
is a sustain pulse, the pulse E is an erase pulse, and L shows 
the light -emitting waveform. The sustain pulse S has such an 
amplitude as cannot cause discharge alone; however, once the 
5 write pulse W has caused discharge, then discharge is repeated 
with each sustain pulse S and is ended with the erase pulse E. 
Given luminance can thus be obtained by controlling the length 
of the "ON" period from the pulse W to the pulse E. The writing 
is conducted while the target row is being selected by the row 
10 scanning described before. The means for controlling the 
luminance with the three operations, write, sustain and erase, 
can be applied in exactly the same way to DC-type memory panels, 
though specific waveforms differ. 

Fig. 6 is a time chart that shows a driving method for 
15 displaying halftones in a memory panel. The vertical axis shows 
the rows k (1 to K) on the panel, the horizontal axis shows time 
t, and V shows one field period. The slanting lines W and E denote 
the locus connecting the write pulses W and E shown in Fig. 5 
over the rows, where the period Si (i=0-3) between the slanting 
20 lines W and E forms the light -emitting period. Ui (i=0-3) is 
defined by dividing the field length V into N (the number of bits 
of the halftone to be displayed, which is 4 in the diagram) , which 
are called sub-fields; one sub-field displays one bit plane. The 
length Si of the light-emitting period is reduced to 1/2 between 
25 adjacent sub-fields and N sub- fields reproduce an N-bit halftone- 
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The diagram shows an example in which four sub- fields (U3-U0) 
display 4-bit, 16 level half tones. . For the details, refer to 
Japanese Patent Application Laid-open No. 62-196696, "Discharge 
Display Panel Driving Method," by the . applicant of this 
5 invention. 

(Problems to be Solved by the Invention) 
In the conventional halftone display method using a memory 
panel, when there is an imbalance of 2:1 or more between the 
control quantities of three primary colors for displaying the 

10 reference white color, then the gain of the primary color signal 
that involves the minimum control quantities must be set to 1/2 
or less in the signal processing portion; then the number of 
reproduced levels of this primary color is reduced to half or 
less, as long as the number of sub-fields is fixed. The color 

15 arrangement of discharge cells shown in Fig. 7 is an example in 
which the luminance is considerably unbalanced among the primary 
colors. In this color arrangement, when white is obtained with 
three cells of R, G., B with certain driving quantities, then the 
setting of white balance in the signal processing circuit 

20 provides a gain of 1 for R and B and a gain of 1/2 for G; the 
number of reproducible halftone levels for G is half as many as 
that of other colors. Also, even in an arrangement in which three 
cells constitute one pixel, a large imbalance may be caused among 
the primary colors depending on the material, structure, 

25 operation, etc. 




8 

While the halftone can be correctly reproduced even in 
such a case by increasing the number of sub-fields, it is 
desirable to avoid an increase in the number of sub- fields since 
the write speed requirement is so severe even in simply 
5 displaying halftones in a large-sized panel. 

Therefore an object of the invention is to provide a method 
capable of reproducing halftones not suffering practical 
problems, without increasing the number of sub-fields, even when 
there is an imbalance of 2:1 or more among primary color signals 
10 in each cell during the setting of white balance as shown above. 
(Means for Solving the Problems) 

In order to achieve the object,' in a halftone display 
method for a matrix- type color display panel which has a memory 
function or is provided with a memory function by a driving method , 

15 a color display panel halftone display method of this invention 
is characterized in that, when the setting of white balance 
involves reducing the signal level of a-primary color signal to 
1/2 or less that of another primary color signal, data 2"^ which 
occurs below the least significant bit 2° in that primary color 

20 signal is converted by field-alternate spatial modulation using 
the least significant bit 2° and then is added to N-bit data from 
2^"^ to 2°, N being a positive integer, whereby gray levels of 
all the primary colors can be correctly reproduced without 
increasing the number, N, of sub-fields for displaying 

25 halftones. 
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(Embodiment) 

The present invention is now described in detail according 
to an embodiment while referring to the accompanying drawings. 

Fig. 1 shows LSB (Least Significant Bit) display patterns 
5 of color cells on a display panel according to an embodiment of 
the invention. An example is described in which the color dots . 
on the display panel are arranged as shown in Fig . 7 and the, gain 
of the G signal must be reduced to 1/2 or less. 

In Fig. 1, the symbols O, X ,@ show the position of cells 
10 on the display panel, where O shows G cells that are allowed 
to emit light, X shows G cells that are inhibited from emitting 
light, and © shows the cell position of other colors (R, B). 

Fig. 1(a) show3 a light -emitting pattern with all of given 
bits in a conventional display method and the display method of 
15 the invention, where all cells can emit light. Fig. 1 (b) and 
(c) show LSB (Least Significant Bit) light -emitting patterns 
which, when the invention is applied, are superimposed on the 
conventional light -emit ting pattern (a), in the first field and 
the second field, respectively. This enables display of level 
20 "1/2." 

The white balance adjustment in the white balance setting 
circuit WB of Fig. 4 requires multiplication of the signal level 
and required gain. In this embodiment, the gain of the G signal 
is set to 1/2 or less, so that, when the normal signal is of 8-bit 
25 including 2^ to 2°, then ensuring eight bits for the G signal 
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requires to use the eight bits 2^ to Since it is supposed 

in the invention that the number of bits is not increased in and 
after the field memories, the bit 2'^ of G signal is reproduced 
within the range of 2^ to 2°. 
5 In the embodiment shown in Fig.l, G cells are divided 

into two groups on the panel as uniformly as possible. Fig. 1 
(b) and (c) show imaginary display patterns in which only the 
data at 2'^ in G signal is displayed in one of the two groups 
in alternate fields, using the sub-field for the normal LSB (2°) . 

10 Since data is repeatedly displayed alternately between the two 
groups of G cells, it is actually displayed with luminance of 
1/2 that of the LSB (Least Significant Bit) . In this invention, 
the 2"^ display patterns (b) and (c) are superimposed as LSB (2°) 
data on the pattern (a) displayed with normal 8 bits, so as to 

15 save the dropped digit component that is caused by the white 
balance setting. This method does not deteriorate the resolution 
in still pictures. However, according to the principle, the 
resolution is somewhat reduced in moving pictures , but it hardly 
causes practical problem since only the LSB component is 

20 deteriorated. The description above has shown an example in which 
the gain for G cells must be reduced with the color arrangement 
of Fig. 7, the invention, of course, can be applied also when 
other color involves an imbalance, and can also be applied 
simultaneously to two colors. 

25 Fig. 2 shows an example of the configuration of a signal 
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processing circuit for realizing the display shown in Fig. 1, 
which is a circuit to be substituted for the white balance setting 
circuit WB shown in Fig. 4. In Fig. 2, PXl denotes input data 
that corresponds to the input to the white balance setting 
5 circuit WB of Fig. 4, PX5 denotes output data that, corresponds 
to the output from the white balance setting circuit WB, MUL 
denotes a multiplication circuit receiving two pieces of data 
A and B, AD denotes an addition circuit receiving two pieces of 
data A and B, Gr, Gg, Gb denote a constant generating circuit for 

10 outputtihg constants as the gains for the primary color signals, 
r, g and b denote auxiliary signals that indicate the colors of 
the samples of primary color signals, and DS denotes an OR gate 
that obtains a signal "c" indicating the color signal to be 
corrected according to the invention; the diagram shows an 

15 example where c=g according to the embodiment of Fig. 1 . Further, 
1 denotes line information of the input television signal that 
contains information corresponding to the row on the panel, f 
denotes field information of the input television signal, DPG 
denotes a logic circuit that generates a signal DE that 

20 corresponds to the G-cell arrangement patterns of Fig. 1(b) and 
(c) , and the numbers with slashes denote the number of bits, on 
a 8-bit basis, in each stage. 

In Fig- 2, Gr, Gg, Gb can be binary code switches, which 
are selected by the r, g, b signals to provide a multiple signal 

25 "GAIN" indicating required gains for each. sample of the input 
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PXl. The multiplication circuit MUL. multiplies the input signal 
PXl and GAIN and outputs the high-order, P, and low-order, Q, 
8 -bit data. Accordingly, when only the high- order output P (=PX2) 
is taken, it corresponds to the output of the conventional white 
5 balance setting circuit WB shown in Fig. 4. In the example of 
Fig. 2, in the Q output of the multiplication circuit MUL, only 
the most significant bit PX3 is used. The output PX4L, which was 
ANDed with the signal DE indicating the execution of correction 
of the invention, corresponds to the G-cell display data shown 
10 in Fig. 1(b), (c); PX4L is thus added to the display data PX2 
that falls within the original bit range to obtain the corrected 
display data PX5. In the addition, needless to say, in the B input 
to the adder AD, the input bits PX4U, other than the LSB, are 
set at zero. The signal PX3 may be obtained from the 
> 15 multiplication circuit MUL by simply extracting the MSB (2''^) 
bit from the Q output; however, preferably, 1 is added to the 
next -order bit and it is rounded by a known method. 

Fig. 3(c) denotes a specific structure of the logic 
circuit DPG of Fig. 2. Fig. 3(a) shows an example of waveforms 
20 of the auxiliary signals 1, r, g, b for the color arrangement 
of Fig. 7. Since the signal 1 is used to identify lines 
corresponding to different rows in the color arrangement on the 
panel, it can be a signal that indicates an odd line or an even 
line, as is clear from Fig. 7. The signals r, g, b indicate the 
25 colors of signals of samples in correspondence with the odd and 
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even lines* Fig. 3(b) shows waveforms that are required as the 
DE signal of Fig. 2. That is, it is the signal corresponding to 
the symbol O in Fig. 1. The signal shown in Fig. 3(b) can be 
obtained by using the signals in Fig. 3(a) as inputs by using 
5 the circuit of Fig. 3(c). 

(Effects of the Invention) 

According to the method of the invention that has been 
described in detail, in halftone display using a matrix-type 
color display memory panel in which there is an imbalance of 2:1 
10' or more among the three primary colors' control quantities that 
are required to display the reference white, it is possible to 
ensure by an easy method the number of gray levels of all primary 
colors without involving an increase in operating speed. 
4. Brief Description of the Drawings 
15 Fig.. 1 shows an example of LSB display patterns of color 

cells on a display panel according to the present, invention; 

Fig. 2 shows an example of the configuration of a signal 
processing circuit for realizing the embodiment .of Fig. 1; 

Fig. 3 is a circuit diagram showing a specific example 
20 of the logic circuit of Fig. 2; 

Fig. 4 is a diagram showing the system of a conventional 
television display device that uses a display panel having memory 
function; 

Fig. 5 is a waveform diagram used to explain operation 
25 of the AC -type discharge display panel; 
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Fig. 6 is a time chart used to explain a halftone display 
method with a memory panel; and 

Fig . 7 shows an example of the arrangement of three primary 
color cells on a display panel to which the embodiment of the 
5 invention is applied. 
ADC ... AD converter 
MPX . . . multiplexer 
GM .... gaiiuna correction circuit 
WB ... white balance setting circuit 
10 FM . . . field memory 

SR . . . shift register L . . . latch circuit 

CD . . . row electrode driving circuit RD . . . column electrode 

driving circuit 

DP . . . display panel W ... write pulse 

15 S . . . sustain pulse . E ... erase pulse 

MUL ... multiplication circuit AD . . . addition circuit 

Gr, Gg, Gb . - . constant generating circuit 

DS ... OR gate DPG ... logic circuit 
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